The ionization-dissociation of methyl iodide in intense laser field has been studied using a reflection time-of-flight mass spectrometry ͑RTOF-MS͒, at a laser intensity of ഛ6.6ϫ 10 14 W/cm 2 , = 798 nm, and a pulse width of 180 fs. With the high resolution of RTOF-MS, the fragment ions with the same M / z but from different dissociation channels are resolved in the mass spectra, and the kinetic energy releases ͑KERs͒ of the fragment ions such as I q+ ͑q =1-6͒, CH m + ͑m =0-3͒, C 2+ , and C 3+ are measured. It is found that the KERs of the fragment ions are independent of the laser intensity. p+ and I q+ from R c Ϸ 3.7 Å. The dissociation of the fragment CH 3 + is also discussed. By the enhanced ionization mechanism and using the measured KER of I q+ , all the possible Coulomb explosion channels are identified. By comparing the abundance of fragment ions in mass spectrum, it is found that the asymmetric dissociation channels with more charges on iodine, q Ͼ p, are the dominant channels.
The ionization-dissociation of methyl iodide in intense laser field has been studied using a reflection time-of-flight mass spectrometry ͑RTOF-MS͒, at a laser intensity of ഛ6.6ϫ 10 14 W/cm 2 , = 798 nm, and a pulse width of 180 fs. With the high resolution of RTOF-MS, the fragment ions with the same M / z but from different dissociation channels are resolved in the mass spectra, and the kinetic energy releases ͑KERs͒ of the fragment ions such as I q+ ͑q =1-6͒, CH m + ͑m =0-3͒, C 2+ , and C 3+ are measured. It is found that the KERs of the fragment ions are independent of the laser intensity. The fragments CH 3 + and I + with very low KERs ͑Ͻ1 eV for CH 3 + and Ͻ0.07 eV for I + ͒ are assigned to be produced by the multiphoton dissociation of CH 3 p+ and I q+ from R c Ϸ 3.7 Å. The dissociation of the fragment CH 3 + is also discussed. By the enhanced ionization mechanism and using the measured KER of I q+ , all the possible Coulomb explosion channels are identified. By comparing the abundance of fragment ions in mass spectrum, it is found that the asymmetric dissociation channels with more charges on iodine, q Ͼ p, are the dominant channels. © 2007 American Institute of Physics. ͓DOI: 10.1063/1.2424703͔
I. INTRODUCTION
The dynamics of molecules in an intense laser field has remained a hot topic and has been extensively studied in the past decades. [1] [2] [3] But the understanding of the molecular dynamics in an intense laser field is obtained only for small molecules, especially for diatomic molecules. 4, 5 Niikura et al. studied the dynamics of nonsequential double ionization of H 2 and observed the electron recollision at a sub-laser-cycle. 6 Theoretical and experimental results indicated that the laser-induced Coulomb explosion of diatomic molecule occurred at a critical internuclear distance R c , at which enhanced ionization processes happened. [7] [8] [9] [10] [11] [12] However, in the case of ionization-dissociation of polyatomic molecules involved in laser intensities with an intermediate range ͑10
13 -10 15 W/cm 2 ͒, the situation is much complicated and many fundamental questions still remain unanswered. 13 Methyl iodide, as one of the simplest alkyl halides, was used extensively in the study of photodissociation. [14] [15] [16] [17] [18] The experimental results showed that the photoexcitation of the CH 3 I and CH 3 I + reached the dissociative A band firstly, then the C-I bond of methyl iodide was broken to produce CH 3 ͑or CH 3 + ͒ and I ͑or I + ͒ fragments. With the advent of the picosecond and femtosecond lasers, the examinations of the real time dynamics of the photodissociation event become possible. Using femtosecond time-resolved mass spectrometry, Zhong et al. 19, 20 studied the CH 3 I dissociation by the kinetic-energy-resolved time of flight mass spectrometry ͑TOF-MS͒ and measured the dissociation time of CH 3 I to be about 150 fs. It is known that the dissociation of CH 3 I followed by the ionization of neutral fragments ͑ladder switching͒ is the dominant process in a weak laser field with a longer pulse duration ͑approximately nanoseconds͒. But in an intense laser field with a shorter pulse duration ͑picosec-ond or femtosecond͒, the mechanism of multielectron dissociative ionization ͑MEDI͒ is used to explain most of the experimentally detected fragment ions of CH 3 I produced by Coulomb explosion. Recently, Graham et al. 21 studied the angular distributions of fragment ions generated from the Coulomb explosion of methyl iodide ions with 50 fs intense laser pulse ͑10 16 W/cm 2 ͒. Multiply charged iodine fragment ions ͑up to I 7+ ͒ were detected and the kinetic energy releases ͑KERs͒ of the I n+ were measured, but the detailed assignments of the dissociation channels were not given. Siozos et al. 22 studied the MEDI process of CH 3 I in a strong picosecond laser field ͑10 15 W/cm 2 ͒, and found that the KERs of the I n+ ions were much lower than those obtained by an intense femtosecond laser. So they suggested that the high charged I n+ ions ͑n ജ 3͒ in the picosecond laser field were produced from the further ionization of low charged I + and I 2+ ions in the early part of the laser pulse. Later, the same group reported their new results of CH 3 I in the intense picosecond laser field, with improved resolution of the time-offlight ͑TOF͒ mass spectrometer. 23 They assigned some Coulomb explosion channels and measured the KERs of CH 3 + ions from different channels, while no reports about the assignments of H + , C n+ , CH + , and CH 2 + fragments generated by the Coulomb explosion of CH 3 I in the intense laser field have been found.
The alignment of CH 3 I molecule in the intense laser field was found to depend on the durations of laser pulse. CH 3 I molecule can dynamically align in the intense picosecond laser field 23 but cannot dynamically align in the intense femtosecond laser field. 21, 24 The different situations were explained by the large moment of inertia and long rotational period ͑ϳ1 ps͒ of CH 3 I. The alignment of CH 3 I along the direction of the laser field within a scale of femtosecond laser pulse was though to be impossible. The anisotropy of the measured fragment ions is due to an angle-dependent ionization-dissociation. This is similar to the case of some diatomic molecules ͑I 2 and N 2 ͒ where the ionizationdissociation has a maximum rate when the molecular axis is parallel to the laser E field. 25 When the plane of the detector is perpendicular to the laser field, the observed ions are maximum. However, the detailed ionization-dissociation processes of methyl iodide remain unclear.
In this paper, we report our study on the ionizationdissociation of methyl iodide in an intense laser field of 180 fs and ഛ6.6ϫ 10 14 W/cm 2 , detected by a home-built reflection time-of-flight mass spectrometer ͑RTOF-MS͒. Based on the high resolution of our RTOF-MS, the KERs of the fragment ions are determined with high precision. It is found that both the multiphoton dissociation of CH 3 I + and the Coulomb explosion of CH 3 I n+ ͑n Ͼ 1͒ coexisted in the experiments. The sequential two-body separation or direct multiple fragmentations in the Coulomb explosion of CH 3 I n+ are discussed. For the dissociation of CH 3 I 2+ in the intense laser field the contribution of the covalent force of the valence electrons is considered. The valid intercharge distance between the virtual CH 3 p+ and I q+ is discussed and R c is defined for methyl iodide. The enhanced ionization mechanism is used to explain the Coulomb explosion of CH 3 I n+ . The laser intensity effect on the KERs of fragment ions is studied, and it is confirmed that the enhanced ionization of methyl iodide in the intense laser field really happened. Finally, by comparison of the abundance of different fragment ions in mass spectrum, the charge distributions of methyl iodide prior to the Coulomb explosion are discussed.
II. EXPERIMENT
The laser system used in this study is a mode-locked Ti:sapphire femtosecond laser with an oscillator ͑Coherent, Mira-seed͒ pumped by a cw second harmonic of a Nd: YVO 4 laser ͑Coherent, Verdi-5͒. As a seed pulse, the 798 nm laser pulse ͑80 fs͒ is stretched and led to an eight pass Ti:sapphire amplifier ͑Quantronix, Odin͒ which is pumped by the second harmonic of a neodymium-doped yttrium lithium fluoride laser ͑Quantronix, DPH-527͒ operating at 10 Hz. The amplified laser pulse then is switched to a parallel grating pair to be compressed back to the short pulse duration ͑180 fs͒. The energy of the amplified laser pulse can reach 0.5 mJ/ pulse. The amplified laser beam is focused by a lens of f =80 mm and is led into the acceleration region in a home-built RTOF-MS. In front of the lens, a half wave plate is used to change the polarization direction of a linearly polarized laser pulse, or a / 4 wave plate is used to produce a circularly polarized laser pulse. The intensity of the laser at the focus area is determined from the thresholds of charge states of Xe ionization 26, 27 and from the calculation using the known pulse parameters. The four charged states of xenon observed in mass spectrum are consistent with the calculation. Different laser intensities are achieved by absorptive neutral density filters.
A detailed description of the RTOF-MS was given in our previous reports. 28, 29 In this experiment, CH 3 I ͑analytical reagent͒ was vaporized and seeded in helium ͑purity of 99.999%͒ in a vacuum stainless steel bottle ͑volume of about 2 cm 3 ͒ to yield a total pressure of 200 kPa. The calculation of CH 3 I in the mixed gas was less than 0.1% in mole. The mixed gas passed through a pulsed valve supersonic expanded into the source chamber of RTOF-MS. After passing a skimmer ͑diameter of 1 mm͒, the mixed gas entered the reaction chamber, where it was intersected with the focused femtosecond laser beam to generate the ionizationdissociation. Following ionization-dissociation, the ions were accelerated with a dual stage electrostatic field to fly in the direction perpendicular to both the molecular beam and the laser beam. The ion products experienced two sets of deflectors and einzel lenses, and then were reflected by a reflector to reach the detector, a dual microchannel plate ͑MCP͒. The output signal from the MCP was recorded and analyzed by a digital oscilloscope ͑Tektronix TDS5052͒. The timing sequence of the pulsed valve and the laser shot was optimized by a digital delay pulse generator ͑Stanford Research DG535͒. Typically, the final digitized mass spectrum was obtained from the average of 1000 laser shots. The mass resolution of the mass spectrometer ͑M / ⌬M͒ is better than 2000, so the splits of the same mass peak caused by the Coulomb explosion can be resolved. The source chamber, the acceleration region, and the reflection region were all pumped with turbomolecular pumps. The corresponding operating pressures were 10 −2 , 10 −4 , and 10 −5 Pa, respectively.
III. RESULTS AND DISCUSSION

A. Mass spectra
In Fig. 1 the mass spectra of the fragment ions produced from CH 3 I at a laser intensity of 6.6ϫ 10 14 W/cm 2 for ͑a͒ parallel laser polarization and ͑b͒ perpendicular laser polarization with respect to the TOF axis are presented. In both spectra, the prominent parent ion peak, the doubly charged parent ion peak, and the fragment ion peaks ͓such as I n+ ͑n ഛ 6͒, CH m + ͑m =0-3͒, C 2+ , H 2 + , and H + ͔ are all recorded. The He + ions with very intense peaks produced from carrier gas are also presented. The peak denoted with asterisk originates from the residual water in the vacuum chamber. In 2+ ion peak and the He + peak, the mass resolution ͑M / ⌬M͒ of the RTOF-MS is obtained to be higher than 2000, and the corresponding energy resolution is better than 0.01 eV.
For polyatomic molecules, the Coulomb explosion can follow sequential two-body charge separation channels or nonsequential multiple fragmentation channels. 30, 31 In the sequential two-body processes, there might be two dissociation patterns. One is as follows:
Because the fragment ions such as CH 2 I + , CHI + , CH 2 I 2+ , CHI 2+ , etc. are not observed in our experiments, all of the above dissociation channels are excluded. The other pattern is
The fragment CH 3 p+ ions can undergo sequential dissociations into smaller fragment ions. The observed CH 3 + ions in the mass spectrum can only be produced from two-body channels, shown in channel ͑2͒, so channel ͑2͒ is a real dissociation channel in the experiments. In the nonsequential process with multiple fragmentations, methyl iodide ions can be dissociated as follows:
Some high charged parent precursors are also possible to fragment directly through the Coulomb explosion via Eq. ͑3͒, which will be discussed in Sec. III B. Figure 2 is the enlarged mass spectrum of typical ion peaks extracted from Fig. 1 . For the case of parallel laser polarization, the mass peaks are intense and each mass peak profile exhibits a clear symmetrical double peak structure as a result of the KER of the fragment ions, while for the case of perpendicular laser polarization, the intensity of the mass peaks is lower and exhibits no symmetrical double peak structures. This prominent difference is due to the fact that the fragment ions have maximum distributions along the direction of laser polarization, and the ions with velocity around the TOF axis are energy resolved. In our experiment, the laser pulse used is 180 fs, much shorter than the rota- 
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Ionization and dissociation of CH 3 I J. Chem. Phys. 126, 044316 ͑2007͒ tional period of CH 3 I. So the results are similar to those reported by Ma et al. 24 That is, geometric alignment of molecules in the intense laser field is dominant and the dynamic alignment can be negligible. This conclusion has also been demonstrated in our experiments by the comparison of ionization-dissociation of CH 3 I using circular and linear laser polarizations, respectively. It has been shown that the mass spectra obtained with circular and parallel laser polarizations have no substantial difference, indicating that the dynamic alignment of molecules in the intense laser field is not important. 32 Some detected fragment ions are much suppressed in the case of perpendicular laser polarization due to the limits of the acceptance angle of the detector. It can be seen clearly that C + and C 2+ ions in Fig. 1͑b͒ are much weaker than those in Fig. 1͑a͒ , and C 3+ ions are observed in Fig. 1͑a͒ but not in Fig. 1͑b͒ .
As shown in Fig. 2 , when the laser polarization is perpendicular to the TOF axis, the mass peaks of I + and CH 3 + ions have shoulder structures. It is known that the fragment CH 3 + or I + is produced in the direction of the C-I bond, so the shoulder structures indicate that the CH 3 I with the C-I bond perpendicular to the laser polarization also have substantial ionization-dissociation rates. This result is another evidence for the lack of dynamic alignment of CH 3 I in the intense laser field.
B. Kinetic energy release and dissociation channels
With the high mass resolution of RTOF-MS, the fragment ions of same M mass number but from different dissociation channels can be all resolved clearly in the case of the parallel laser polarization shown in Fig. 2 . The KER of the fragment ions can be calculated by the formula 22 KER ͑eV͒ = 9.65 ϫ 10
where F is the static electric field ͑F =168 V/cm͒, q is the charge, M is the mass in amu of the fragment ions, and ⌬t represents the time difference in nanoseconds between the backward and forward components of the fragment ions from the same dissociation channel. The mass spectrum of typical fragment ions obtained with the parallel laser polarization in Fig. 2 is fitted by a sum of Gaussian distributions displayed in Fig. 3 , and the KERs of the fragment ions calculated are listed in Table I . The above method with a Gaussian function has been applied to the case of the N 2 Coulomb explosion by Hishikawa et al. 33, 34 and Nibarger et al., 35 and is proved to be appropriate to represent the mixture of the contributions from the fragment ions. The H + ion peak in Fig. 2 is not well resolved because H + ions come from too many channels and the disturbance from water, so only a maximum KER of 11 eV is obtained. For H 2 + ions, the maximum value of KER is about 8 eV. The KERs of I 6+ and C
3+
are calculated approximately from Fig. 1͑a͒ without fitting.
In the following, we try to assign the dissociation channels by the high resolved mass spectrum as well as by the calculations. For this purpose, the ionization-dissociation of CH 3 I is studied using different laser intensities, and the conservation of momentum and energy are used. The mark ͑p , q͒ is used to represent the two-body dissociation channel,
The detailed discussion is presented below.
Multiphoton dissociation of CH 3 I + ions
In Figs. 3͑e͒ and 3͑f͒, the CH 3 + ions with KERsϽ 1 eV are labeled ͑1,0͒ and I + ions with KER of 0.07± 0.03 eV are labeled ͑0,1͒. This assignment is done according to the following facts: ͑1͒ The KERs of CH 3 + and I + are too small to assign from the Coulomb explosion of CH 3 I n+ . ͑2͒ We studied the mass spectrum of the fragment ions of CH 3 I recorded by a series of laser intensities attenuated successively about 10%, and we found that the KERs of the fragment ions were independent of laser intensities. For example, Fig. 4 The reported dissociation channel and the needed dissociation energy ͑⌬E͒ are listed in Table II .
In our experiments, the 798 nm laser ͑about 1.55 eV͒ was used. From Table II the reported ⌬E values are all higher than 1.55 eV, so CH 3 I + needs to absorb two or three photons for dissociation. The KERs of dissociation fragments should be equal to the difference between the total photon energy and ⌬E. The calculated KERs based on a multiphoton dissociation mechanism and the experimentally measured KERs for each channel are also listed in Table II.  From Table II , we can see that the calculated KERs and the experimental KERs are in good agreement. For CH 3 + ions, the middle peaks in Fig. 3͑e͒ with very ions have a broadened profile also in mass spectrum, similar to the case of I + ions. The broadened peak features of the fragment ions CH 3 + and I + , produced from multiphoton dissociation of CH 3 I + , are due to the frequency broadening of the femtosecond laser pulse, which makes CH 3 + ions ͑or radical͒ present in many vibrational states. 16 The unmarked middle peak of I + ions in Fig. 3͑f͒ might be a small contribution from perpendicular ionization-dissociation, so the middle peak of CH 3 + ions in Fig. 3͑e͒ also should be mixed with the contribution of CH 3 + ions produced from perpendicular ionization-dissociation.
Coulomb explosion of CH 3 I 2+ and CH 3 I 3+ ions
The KERs of the fragment ions produced by the Coulomb explosion of CH 3 I 2+ or CH 3 I 3+ are much larger than those in the case of the CH 3 I + dissociation. For the Coulomb explosion of CH 3 I n+ ions, the KERs of the fragment ions are from the repulsive Coulomb force between the charged fragments. The KERs of the two fragments CH 3 p+ and I q+ produced by the two-body dissociation channels have a relationship from the momentum conservation as follows:
where M is the mass of the fragment ions. Since the observed CH 3 + ions can be from different precursors CH 3 + I q+ ͑q =1,2,3͒ by the two-body dissociation channels, so the CH 3 + ions have different KERs, giving a distribution of CH 3 + in mass spectrum. Using Eq. ͑5͒, for each CH 3 + with the certain KER, the KER of the corresponding I q+ can be determined. For example, there are two groups of CH 3 + ions in Fig. 3͑e͒ , and the CH 3 + ions with 3.6 eV are assigned for channel ͑1,1͒. According to Eq. ͑5͒ the calculated KER of I + is 0.43 eV, which is in good agreement with the experimentally measured KER of I + . Therefore, channel ͑1,1͒ with the exact total KER of 4.03 eV is identified. Similarly, the CH 3 + ion with a KER of 6.94 eV is assigned for channel ͑1,2͒ and the corresponding I 2+ ions have a KER of 0.84 eV labeled ͑1,2͒ in Fig. 3͑g͒ . It is also found that the KERs of channel ͑1,1͒ and channel ͑1,2͒ are independent of the laser intensity. As shown in Fig. 4 , at a laser intensity of 1. + and I + at the equilibrium C-I internuclear distance. The contribution of the potential well makes the KERs lower than those from an ordinary Coulomb explosion. If it is supposed that one of the charges is on I atom and the other is on C atom, the Coulomb repulsion energy can be approximated by E 1,1 ͑eV͒ = 14.4/ R e , which is from the common formula of the Coulomb repulsion energy of CH 3 p+ I q+ at R e = 2.14 Å as follows:
where p and q are the charges of the two fragments, R e is the equilibrium C-I internuclear distance of CH 3 I in angstrom and E p,q is the total KER of the given channel ͑p , q͒. By Eq. ͑6͒ the calculated E 1,1 is about 6.73 eV, which is higher than the measured total energy of 4.03 eV. The fact that the measured total KER of channel ͑1,1͒ is lower than the value calculated from Eq. ͑6͒ signifies the presence of the metastable state in CH 3 I 2+ and the contribution of the covalent forces.
Another group of CH 3 + ions with KER of 2.8 eV is observed in Fig. 4 , and the corresponding I + ions with 0.33 eV are also found in Fig. 4 . The total KER is 3.13 eV. The two dissociation channels with KER 4.03 and 3.13 eV are explained respectively as follows:
.03 eV KERs͒, ͑7a͒
For channel ͑1,2͒, the parent precursor CH 3 I 3+ ions have not been observed in the experiments. This fact indicates that as the number of removed electrons increases, the Coulomb repulsion becomes much stronger than the binding forces, and the fragment ions from precursor CH 3 I 3+ are produced by the Coulomb explosion. However, the measurements show that the total KER of channel ͑1,2͒, 7.78 eV, is much lower than the E 1,2 = 13.46 eV calculated by Eq. ͑6͒. The energy deficit of channel ͑1,2͒ is 5.68 eV ͑13.46− 7.78 eV͒ larger than that of channel ͑1,1͒, 2.7 eV ͑6.73− 4.03 eV͒. The result seems to be conflicting with the fact that as removed electrons increase, the contribution of the remaining valence forces is decreased and the KER should be close to the Coulomb energy. This problem might be solved by replacing R e with R c in Eq. ͑6͒. R c is the valid distance of the two point charges separated in the two parts of the fragments before explosion. It can be easily understood that during the ionization of CH 3 I 2+ to CH 3 I 3+ , the nuclei ͑C and I͒ have time to move apart from each other. So the Coulomb energy should be calculated using the valid R c instead of R e . The truth might be that the charges are not simply located on carbon atom, but are distributed on the whole CH 3 group. The use of R c just represents the valid distance between these two point charges. Using the measured total KER 7.78 eV and ignoring any initial energies, we can calculate approximately the R c of channel ͑1,2͒ using Eq. ͑6͒ to be about 3.7 Å. The R c defined here ͑the valid interdistance between two point charges͒ is somewhat different from the case of diatomic molecules. 1 For diatomic molecules, R c is generally considered as the internuclear distance between the two nuclei, at which enhanced ionization proceeds and Coulomb explosion occurs. 8 The generation of the enhanced ionization at R c explains why KERs of fragment ions are actually independent of laser intensity and wavelength. 4 In the case of methyl iodide, the enhanced ionization to produce CH 3 I 3+ in the intense laser field is also considered to occur at R c as above because the KER of channel ͑1,2͒ is independent of laser intensity. For example, with a laser intensity of 1.1 ϫ 10 14 W/cm 2 , the measured KER of channel ͑1,2͒ is about 7.7 eV, and with a laser intensity 6.6ϫ 10 14 W/cm 2 the measured KER is 7.78 eV. The result is considered as an evidence that the enhanced ionization of methyl iodide in the intense laser field happens at R c Ϸ 3.7 Å. Figure 3͑f͒ depicts the distribution of I + ions in mass spectrum. It can be resolved that one group of I + ions has a KER of 0.86 eV. Using Eq. ͑5͒, the calculated KER of the corresponding CH 3 p+ is about 7.3 eV, which is very close to the CH 3 + ions with 6.94 eV. If I + with 0.86 eV and CH 3 + ions with 6.94 eV is a pair of ions, the two kinds of fragment ions should be present together in mass spectrum. But the I + ions with 0.86 eV are not present in some mass spectra, while the CH 3 + ions with 6.94 eV are present. So the CH 3 + ions with 6.94 eV are assigned for channel ͑1,2͒ to produce I 2+ with a KER of 0.85 eV. For example, with a laser intensity of 1. It is difficult to distinguish experimentally between the two channels because for the ͑2,1͒ channel, the intermediate CH 3 2+ is not observed due to dissociation into the final products CH 2 + and H + . This means that the sequential and nonsequential channels give the same final products. The sequential and nonsequential channels represent the two limiting cases of fragmentation behaviors, and other physical processes are also possible to occur; e.g., a stretching of C-I bond is followed by a rapid dissociation of the C-H bond. Anyway, the detailed confirmation cannot be obtained by present experiments. In Fig. 3 for p ജ 2, we use ͑p , q͒ just to represent the main two-body dissociation channels with the proposed possible total charge numbers without concerning the detailed mechanisms. So I + ion with 0.86 eV is labeled ͑2,1͒ in Fig. 3͑f͒ The determination of the ͑p , q͒ with a given I q+ is discussed in Sec. III B 4.
Stepwise dissociation of CH 3 + ion
The mass spectrum in Fig. 3 shows that the fragment CH 3 + ions have different KERs, indicating that the CH 3 + ions come from different ionization-dissociation channels, as marked by ͑1,0͒, ͑1,1͒, ͑1,2͒, and ͑1,3͒. The CH 3 + ions from different channels correspond to different groups of fragment ions CH m + ͑m =0-2͒, which have KER close to that of the corresponding CH 3 + . For example, as shown in Table I 
In channels ͑8a͒-͑8c͒ each of the dropped H atoms can carry away a small part of kinetic energy from the parent precursors. So the following order of the KERs resulted:
The experimentally measured KERs of CH m + listed in Table I 3 + by the H atom is directly proportional to the total energy of the parent precursor CH 3 + from the conservation of energy and momentum. For example, for the CH 3 + with a KER of 3.6 eV from channel ͑1,1͒, the KER of CH 2 + is about 3.44 eV with the difference, 3.6− 3.44= 0.16 eV, which is less than 6.94 ͑CH 3 + ͒ − 6.6 ͑CH 2 + ͒ = 0.34 eV from channel ͑1,2͒. The experiments also show that the CH 3 + ions with higher KER are more easily dissociated into fragments. For example, as shown in Fig. 3͑e͒ , the relative abundance of CH 3 + ions from channel ͑1,1͒ is larger than twice of CH 3 + ions from channel ͑1,2͒, but the relative abundances of CH m + ions from channel ͑1,2͒ increase prominently in Figs. 3͑b͒-3͑d͒ , and especially the abundance of C + ions from channel ͑1,2͒
is about twice that of channel ͑1,1͒. This fact is explained that with higher KER, the CH 3 + ions will have higher internal energy, which leads to CH 3 + ions more active and easily dissociated.
Coulomb explosion of CH 3 I
n+ ions with n Ð 4
For the Coulomb explosion of the highly charged CH 3 I n+ precursors with n ജ 4, only I q+ ions are identified in the mass spectrum. The KERs of I q+ are measured and listed in Table  I. The CH 3 p+ ions with p Ͼ 1 are not obtained because they are unstable and further dissociated into the smaller fragment ions. For this reason it is difficult experimentally to identify Coulomb explosion channels of higher charged CH 3 I n+ as well as their total KER. For this purpose the following mode is supposed.
The charge distribution on the whole methyl can be considered as a point charge p, while the charge distribution on the I atom can be considered as another point charge q. The interdistance between the two point charges p and q is denoted as R c . With the supposition, Fig. 3 .
It is noticed that channel ͑1,3͒ with KER 10.5 eV of CH 3 + and 1.25 eV of I 3+ is identified by the very weak CH 3 + signal. The fact that the CH 3 + with 10.5 eV is very weak is coincident with the fact that the CH 3 + with large KER is easily dissociated into small fragments, CH m + ͑m =0-2͒. In Figs. 3͑b͒-3͑d͒ , the CH m + peaks from channel ͑1,3͒ can be clearly identified, and the abundance is increased with the decrease of H atoms. However, for channel ͑1,4͒, only partially resolved I 4+ and the corresponding series of CH m + are not observed in Fig. 3 . In Fig. 3͑g͒, 
C. The charge distributions for the Coulomb explosion of methyl iodide
As shown in Table I and Fig. 3 , the parent precursor ions of the same number of charges can have different charge distributions and can be dissociated into different fragment ions. The even charged methyl iodide has two dissociation patterns. One is the symmetric channel with p = q, and the other is the asymmetric channel with p +2=q. The fragment ions CH 3 p+ and I q+ with p Ͼ q produced from the Coulomb explosion of the even charged methyl iodide are not observed. For the same parent precursor ions, we calculated the ion abundance for each channel and found that the fragment ion abundance of the asymmetric channel was larger than that of the symmetric channel. The odd charged methyl iodide has two dissociation patterns. One pattern includes two series, p = q + 1 and p = q −1 ͑p + q = n͒ with similar total KERs, and another pattern is p +3=q. For a given charged parent precursor, the series of channels ͑q +1,q͒ are the minor channels because their ion peaks are very weak, as shown in Fig. 3 , and the series of channels ͑q −1,q͒ are the dominant channels with very strong ion peaks. The ion abundance of the channel with p +3=q is a little smaller than that of channel ͑q −1,q͒. All the above results indicate that in the intense laser field, electron can be detached more easily from iodine atom than from methyl radical, so the charge on iodine atom is higher than that on methyl radical in most cases.
IV. CONCLUSION
The dissociation of CH 3 I + is concluded by multiphoton dissociation mechanism, in which the excited state of CH 3 I + is produced by absorbing two or three photons and then the dissociation occurs through channel ͑1,0͒ to produce CH 3 + ions or through channel ͑0,1͒ to produce I + . The calculated KERs of CH 3 + and I + based on multiphoton dissociation mechanism agree well with the measured values in experiments. The CH 3 by the Coulomb explosion, which is explained by the existence of a bound potential well near R e of C-I for CH 3 with n ജ 4, it is difficult experimentally to distinguish the sequential two-body charge separation or nonsequential multiple fragmentation due to the lack of CH 3 p+ ͑p ജ 2͒ ions in mass spectrum. For I q+ ͑q ജ 3͒ observed in mass spectra, the Coulomb repulsion model with two point charges p and q at distance R c Ϸ 3.7 Å is used to calculate the corresponding charge p of CH 3 p+ . The correlations of final products C 2+ and C 3+ with I q+ ͑q ജ 3͒ are examined by laser intensity experiments. Finally, the charge distribution in the dissociation of CH 3 I n+ is discussed. By comparing the mass abundance of fragment ions, it is found that charge asymmetric dissociation channels with p Ͻ q ͑i.e., more charges on the iodine atom͒ are the dominant channels.
